The present study was designed to compare the conjugated linoleic acid (CLA) isomeric distribution pattern in the liver of suckling rats in relation to those in the milk and maternal diet. Silver-ion HPLC was used to separate individual CLA isomers. It was found that the isomeric distribution pattern in the milk was very similar to that in the maternal dietary fat. However, the CLA isomeric distribution patterns in the liver phospholipids (PL) and triacylglycerols were different from those in the diet and milk. In the liver PL, total cis/trans isomers accounted for 63·6-63·9 % of total CLA, which was in contrast to the values of 88·1-89·1 % in the milk and diet. In the liver PL, total trans/trans isomers were 20·6-20·8 % of the total CLA isomers whereas they were only 2·6-3·7 % in the milk and diet. It is concluded that trans/trans-CLA were preferentially incorporated into the liver whereas for the incorporation of cis/trans-CLA there was partial discrimination.
Conjugated linoleic acids (CLA) are a group of positional and geometric isomers of conjugated octadecadienoic acid. Silver-ion HPLC (Ag-HPLC) analysis has demonstrated that CLA contains at least twelve isomers . CLA is predominantly present in dairy products via biohydrogenation of polyunsaturated fatty acids by rumen bacteria (Kepler & Tove, 1967; Ha et al. 1989; Chin et al. 1992) . CLA can also be chemically prepared by alkali isomerisation of linoleic acid.
There is increasing interest in commercialising CLA as a food ingredient and health supplement because of its possible health benefits associated with its consumption. CLA has been shown to be anticarcinogenic in experimental animals (Scimeca, 1999) , hypolipidaemic (Yeung et al. 2000) and anti-atherosclerotic (Lee et al. 1994; Nicolosi et al. 1997) . CLA may also enhance immune functions (Cook et al. 1993; Miller et al. 1994) and reduce fat accumulation while it increases muscle and bone mass (Dugan et al. 1997; Li & Watkins, 1998) . A role of CLA as an antioxidant is, however, controversial. Ha et al. (1990) and Ip et al. (1991) showed that CLA had antioxidative activity and proposed this as a possible explanation for the anticarcinogenic and anti-atheroslerotic effect. However, other investigations have found that CLA was a pro-oxidant (van den Berg et al. 1995; Chen et al. 1997) .
Increased maternal intake of CLA during lactation has been associated with enhanced growth rate and improved feeding efficiency of suckling neonatal rats (Chin et al. 1994) . However, there is no study to date that has examined the relationship between the amount of CLA in milk and that in the maternal diet in non-ruminant mammals. The aim of the present study was to compare the CLA isomeric distribution pattern in the milk and the liver of suckling rats with that in the maternal diet.
Material and methods

Diets
The animals were fed one of two diets containing either no CLA (control) or a 2 % CLA mixture (Bioriginal Food & Science Corp., Saskatoon, SK, Canada) . The control diet was prepared as previously described (Kwan et al. 1998) by mixing the powdered ingredients in the following proportions (g): casein, 235; rapeseed oil, 100; maize starch, 338; sucrose, 243; mineral mix, 35; vitamin mix, 10; cellulose, 32; choline bitartrate, 4 DL-methionine, 3. The CLA-supplemented diet was prepared by adding 2 % CLA mixture to the control diet (14·6 g/kg diet). The diets were stored frozen at 2208C.
Animals
Nine Sprague -Dawley lactating rats (day 1) were divided into two groups (control, n 3; CLA-supplemented group, n 6). The animals were switched immediately from the chow diet to one of the experimental diets. The rats were housed individually in an animal room at 238C with 12 h -12 h light -dark cycles. Litter sizes were averaged to ten pups per dam. The fresh diets were given to the maternal rats daily, and uneaten food was discarded. Food intake and body weight were measured daily. The rats were given free access to food and fluid. The protocol was reviewed and approved by the Committee of Animal Ethics, The Chinese University of Hong Kong. At days 7 and 14, five pups from each dam were decapitated. The abdomens were opened and the milk in the stomach was collected and stored at 2788C until analysed. The livers of the pups were also retained and stored at 2788C before analysis.
Fatty acid analysis
Total lipids derived from the milk were extracted using chloroform -methanol (2:1, v/v) containing triheptadecanoic acid as an internal standard. To determine the milk fatty acid composition, acid-catalysed methylation was used in the present study. In brief, the milk lipids samples (10 -20 mg) were transesterified in 2 ml of 14 % (v/v) BF 3 in methanol under N 2 . The methylation tube was placed in a heat block at 858C for 30 min and then cooled to room temperature. Hexane (4 ml) and 3 ml distilled water were then added and mixed thoroughly. After centrifugation, the top hexane layer containing fatty-acid methyl esters was saved and subjected to GLC analysis.
The liver lipids were similarly extracted with chloroform -methanol mixture containing triheptadecanoic acid and L-a-phosphatidylcholine diheptadecanoyl as internal standards to quantify the triaclyglycerols (TG) and phospholipids (PL), respectively. The chloroform -methanol phase was dried under a gentle stream of N 2 and redissolved in chloroform, which was then applied to a TLC plate (20 £ 20 cm; pre-coated with 250 mm silica gel 60 Å ; Macherey-Naged, Duren, Germany) to separate different lipid classes. A solvent system of hexane -diethyl ether -acetic acid (80:20:10, by vol.) was used for development. The bands containing TG and PL were scratched off the plate, and the lipids extracted were converted to methyl esters described above.
The fatty-acid methyl ester mixtures obtained from milk and liver were analysed on a flexible silica capillary column (SP 2560, 100 m £ 0·25 mm internal; Supelco, Inc., Bellefonte, PA, USA) in a HP 5980 Series II gasliquid chromatograph equipped with a flame-ionisation detector and an automated injector (Palo Alto, CA, USA) according to the method we previously described (Chen et al. 1997; Yang et al. 2000) . Column temperature was programmed from 180 to 2208C at a rate of 18C/min and then held for 12 min. Injector and detector temperature were set at 2508C and 3008C, respectively. H 2 was used as the carrier gas at a head pressure of 105 kPa.
Silver-ion high performance liquid chromatography
To minimize the intra-isomerisation among the CLA isomers, Ag-HPLC was used to separate the individual CLA isomers as a form of non-esterified fatty acids instead of CLA methyl esters according to Ostrowska et al. (2000) . In brief, a sample of the total milk or liver lipids (20 mg) was saponified in 5 ml of 6 % KOH in ethanol under N 2 with constant stirring for 9 h at room temperature. The mixture was then acidified with 5 ml of 2·0 M HCl and 10 ml distilled water. The non-esterified fatty acids were then extracted three times with 5 ml hexane. The individual CLA isomers were separated using an Alltech Model 525 HPLC equipped with a ternary pump delivery system. In brief, 5 ml of free CLA isomers (5 mg/ml) in hexane was injected onto an Ag-impregnated column (4·6 mm internal diameter £ 250 mm stainless, 5 mm; Chrompack, Bridgewater, NJ, USA) via a rheodyne valve injector. Hexane containing 1·4 % (v/v) acetic acid and 0·014 % (v/v) acetonitrile was chosen as a mobile phase at a flow rate of 1·0 ml/min. The separated individual CLA isomers were quantified at 233 nm using a u.v. detector (UVIS-205; Alltech, Deerfield, IL, USA).
Statistics
Data are expressed as means and standard deviations. Where applicable, ANOVA was used to statistically evaluate significant differences among the control and CLAsupplemented group using Sigmastat (Jandel Scientific Software, San Rafael, CA, USA). Differences were considered significant when P,0·05.
Results
Fatty acid composition of dietary fat
The control maternal rats were fed a diet containing rapeseed oil while the CLA group was fed the same diet but supplemented with a 2 % CLA commercial mixture. The gas chromatographic analysis showed that the CLA mixture contained 66·6 % CLA, 19·0 % oleic acid, 5·6 % palmitic acid, 3·5 % stearic acid and 2·2 % linoleic acid. As shown in Table 1 , CLA was absent in the control diet but it accounted for 14·6 g/kg diet or 12·7 % total fatty acids in the CLA-supplemented diet.
Weights of stomach milk, body and liver of suckling rats
There were no significant differences in the body-weight gain and liver weight between the control and CLA suckling rats (Table 2 ). The milk content obtained from the stomach ranged between 0·12 to 0·16 g/suckling rat.
However, no significant difference in the milk content was observed between the control and suckling rats.
Milk fatty acid composition
Supplementation of CLA mixture (14·6 g/kg diet) in the maternal diet significantly increased the CLA content in the milk. As shown in Table 3 , the CLA group had a level of 7·8-8·6 % CLA of total fatty acids compared with the undetectable level of the control rats. Addition of the CLA mixture to the maternal diet did not change the content of longer-chain polyunsaturated n-6 and n-3 fatty acids with a C number^20. However, myristic acid (14 : 0) in the milk of the CLA-supplemented group was significantly lowered compared with the control value at both day 7 and 14. Lauric acid (12 : 0) and oleic acid (18 : 1n-9) and linolenic acid (18 : 3n-3) were lower compared with the control only at day 7. It appeared that total milk fat was reduced in the CLA-supplemented group. However, significant difference was only found at day 7.
Fatty acid composition in the liver phospholipids of suckling rats
Supplementation of 14·6 g CLA/kg diet in the maternal diet led to the incorporation of 7·8 -8·6 % CLA in the milk lipids (Table 3 ). The gas chromatographic analysis demonstrated that the CLA incorporated into the liver PL of suckling rats accounted for only 0·5-0·8 % total fatty acids (Table 4) . CLA supplementation in the maternal diet at the level of 14·6 g/kg diet did not change the composition of other fatty acids in the liver PL of suckling rats except for 18 : 1n-9, which was significantly lower in the CLA-supplemented group compared with the control value (Table 4) .
Conjugated linoleic acid isomeric distribution in the maternal diet, milk and the liver phospholipids of suckling rats
Ag-HPLC analysis showed that the CLA in the diet contained 89·1 % cis(c )/trans(t ) isomers, 8·3 % c/c isomers and 2·6 % t/t isomers expressed as percentage of total CLA content (Table 5 ; Fig. 1 ). Among four c/t isomers, 10c, 12t/10t,12c-CLA was most abundant (27·5 %) followed by 11c, 13t/11t, 13c-CLA (25·5 %), 9c, 11t/9t, 11c-CLA (20·2 %) and 8c, 10t/8t, 10c-CLA (15·9 %) in decreasing order. Among five t/t isomers, 8t, 10t-CLA, 9t, 11t-CLA, 10t, 12t-CLA and 11t, 13t-CLA accounted for 1·1 %, 1·0 %, 0·3 % and 0·3 % respectively. 8c, 10c-CLA, 9c, 11c-CLA and 10c, 12c-CLA were the major c/c isomers; each accounted for 2·7 % total CLA. The isomeric distribution pattern in the milk was very similar to that in dietary fat (Table 5 ; Fig. 1 ). The statistical analysis indicated that the percentage value of each isomer in the milk was not different from that in the diet. No difference in the isomeric distribution in the milk between day 7 and 14 was observed. However, the CLA isomeric distribution patterns in the liver PL and TG were different from those in the maternal diet and milk (Table 5 ; Fig. 1 ).
In the liver PL, total c/t isomers accounted for 63·6 -63·9 %, which was in contrast to the values of 88·1 -89·1 % in the milk and diet. In the liver PL, total t/t isomers 0·1  0·4  0·1  0·6  0·1  0·5  0·1  16 : 0  26·3  0·4  25·7  1·8  21·8  1·3  21·1  1·3  18 : 0  23·0  0·7  22·7  1·8  22·6  0·8  24·3  1·8  18 : 1n-9  9·0  0·1  7·8 †  0·7  9·1  0·9  7·8 †  0·8  20 : 1n-9  0·5  0·1  0·3  0·1  0·5  0·1  0·3  0·1  18 : 2n-6  9·0  0·5  9·2  0·4  9·6  0·2  9·4  1·2  20 : 3n-6  0·9  0·1  0·8  0·1  1·0  0·1  0·7  0·1  20 : 4n-6  16·7  1·1  17·3  1·5  19·0  1·1  18·0  1·1  22 : 4n-6  1·5  0·3  1·4  0·3  1·7  0·2  2·0  0·2  22 : 5n-6  1·5  0·1  1·0 †  0·1  1·9  0·1  1·2  0·1  18 : 3n-3  0·1  0·1  0·1  0·1  0·2  0·1  0·1  0·1  20 : 5n-3  0·5  0·1  0·5  0·1  0·5  0·1  0·6  0·1  22 : 5n-3  1·3  0·1  1·0  0·2  1·5  0·1  1·2  0·1  22 : 6n-3  8·7  0·3  10·7  2·1  10·0  1·0  11·6  1·1  CLA  ND  0·5  0·2  ND  0·8  0·2  Total lipids (mg/g liver)  11·4  0·7  14·5  6·4  19·0  1·2  16·6  1·3 ND, not detected. * For details of diets and procedures, see Table 1 and p. 254. † Mean values were significantly different from those of the control group, P,0·05.
were 20·6 -20·8 % of the total CLA isomers whereas they were only 2·6 -3·7 % in the milk and diet (Table 5 ). The distribution pattern of CLA isomers in the liver TG was closer to that in the liver PL but it was very different from those in the diet and milk. Compared with those in the maternal diet, milk and the liver PL, the total t/t isomers in the liver TG were 19·0 -19·4 % whereas total c/t-CLA and c/c-CLA accounted for 69·9-70·5 % and 9·5 -10·5 % total CLA respectively.
Discussion
The present study is the first to report the relationship between the CLA isomeric distribution in the maternal diet and that in the milk in rats. It was found that the fraction of CLA in the maternal dietary fat was 12·7 % but it was decreased to 7·8 -8·6 % in the milk lipids. The results clearly demonstrated that the CLA isomers in the milk reflected those of dietary fat, based on Ag-HPLC analyses. It had previously been shown that under conditions of energy deficiency, lactating women produced milk that resembled the fatty acid pattern of their adipose tissue, but when energy was adequate, the dietary fatty acids were the major influence (Insull et al. 1959) . We have previously studied t-18 : 1 isomers in human milk and found its distribution pattern to be similar to that in partially hydrogenated vegetable oil in the diet (Chen et al. 1995) . Like t-18 : 1 isomers, CLA isomeric distribution in milk has to be a reflection of that in the diet since CLA is believed to be not synthesised to any great extent de novo by non-ruminant animals. Previous studies reporting the CLA in animal tissues only measured total CLA content or CLA isomers without complete separation of each isomer (Ip et al. 1991; Chin et al. 1994; Sugano et al. 1997 ) except for Kramer et al. (1998) who studied distribution patterns of CLA isomers in various tissues of pigs fed a CLA diet, and Ip et al. (1999) who studied the distribution of CLA in rat tissues. It was found that the CLA isomeric profile in pig fats but not liver PL was similar to that in the diet. The present study clearly demonstrated that CLA isomers were transferred from the maternal diet to milk without any significant discrimination. Incorporation of CLA isomers into liver PL and TG was selective in the suckling rats. Regardless of individual isomers, incorporation of CLA isomers into the liver PL of suckling rats was quantitatively minor (,0·8 % total fatty acids). The present results clearly showed that t/t CLA isomers were preferentially incorporated into the liver PL and TG whereas for the incorporation of c/t CLA isomers there was partial discrimination. In the maternal diet and milk, total t/t isomers accounted for 2·6-3·7 % total CLA but in the liver PL and TG, they reached .19 % total CLA isomers. In contrast, total c/t isomers were .88 % in the maternal diet and milk lipids but they only accounted for ,71 % in the liver PL and TG (Table 5) . On the other hand, c/c isomers appeared to be incorporated proportionally into the liver TG but selectively in the liver PL compared with those in the diet. The selective incorporation of CLA isomers into the liver PL and TG is unlikely due to selective absorption. This is because no difference was found in the distribution of CLA isomers in the commercial CLA preparation fed to pigs and in adipose tissue, suggesting that the relative absorption of all the CLA isomers was very similar . In addition, the present results found the distribution pattern in the maternal diet was similar to that in the milk, suggesting that all the CLA isomers in the maternal diet were proportionally absorbed and transferred to the mammary gland. In this regard, all the CLA isomers were used to make milk lipids for secretion and resembled the CLA distribution pattern in the maternal diet. However, the present result contrasts with that of Sugano et al. (1997) , who measured the lymphatic recovery of CLA isomers and found that t/t isomers were preferentially absorbed. In their study, the analyses of CLA isomers were made on Supelcowax-20 fused silica capillary column by GLC, which could not completely resolve all the CLA isomers and therefore quantification of each CLA isomer was inaccurate because some isomers were co-eluted. In this sense, identification and quantification of individual CLA isomers became possible only when Ag-HPLC was used to separate t/t, c/t, and c/c CLA isomers in either diet or animal tissues Ostrowska et al. 2000) . The underlying mechanisms for preferential accumulation of t/t CLA isomers in the liver PL and TG remain unclear. It is difficult to use the availability of CLA isomers in the tissue to explain the differential tissue retention of various CLA isomers. It was possible that accumulation of t/t CLA isomers was the result of slower metabolism, poor substrates for oxidation, and preferred geometrical insertion in the membrane PL. By the same deduction, the low content of c/t CLA isomers in the liver PL could be due to rapid metabolism, oxidation and poor geometrical configuration. In this regard, Sebedio et al. (1997) analysed the conjugated 20 : 3 and 20 : 4 isomers in rats fed a diet containing 180 mg CLA/d and suggested that some c/t CLA isomers were preferentially metabolised to form longer-chain products via desaturation and elongation pathways, thus leading tissue to accumulate more t/t but fewer c/t isomers. The distribution of CLA and its metabolites into rat liver lipid classes has also been reported by Banni et al. (2001) . These findings support the present observation that the liver lipids accumulated more t/t isomers (.19 %) relative to the amount in the diet lipids (2·6 %).
Incorporation of CLA isomers within each group was also unequal. Within the t/t group, 8t,10t-CLA and 9t, 11t-CLA were the major isomers in the diet and milk (Table 5 ; Fig. 1 ) but in the liver PL and TG, 11t, 13t-CLA became the major isomer. Among the c/t group, 11c, 13t/11t, 13c-CLA was preferentially incorporated into the liver PL. Within the c/c group, 11c, 13c-CLA and 10c, 12c-CLA appeared to be preferentially incorporated into the liver PL and TG. Together with previous reports Sugano et al. 1997 ), these observations suggest that incorporation of CLA isomers is tissue-specific and governed by many factors possibly including their geometrical configuration, metabolism, and oxidation.
The present results did not find any significant effect of CLA supplementation in the maternal diet on body weight gain of suckling rats. In fact, the effect of CLA on growth performance and feed conversion efficiency is inconclusive. CLA has been shown to be associated with greater body-weight gain and feed intake in the sows fed a diet containing 2 % CLA compared with those fed a diet containing the same level of linoleic acid (Bee, 2000) . In contrast, the feed intake and body-weight gain were significantly reduced in the broiler chickens fed a diet containing 1·5 % CLA compared with the control chickens (Szymczyk Fig. 1 . Typical silver-ion high-performance liquid chromatograms of conjugated linoleic acids as a form of non-esterified fatty acids derived from the maternal dietary fat (a), milk fat (b) and liver phospholipids (c) of suckling rats. Separation was performed in an Ag-impregnated Chrompack analytical column (4·6 mm internal diameter £ 250 mm) and hexane containing 1·4 % (v/v) acetic acid and 0·014 % (v/v) acetonitrile was used as a mobile phase at a flow rate of 1 ml/min. c, cis; t, trans. et al. 2001). Furthermore, Dugan & Aalhus (1999) found that feeding a diet containing 2 % CLA did not affect average daily gain in pigs. This varying effect of CLA on body weight gain may be due to the different experimental animals, duration of the test period and amount of CLA supplementation.
The information on biological activities of each CLA isomers is very limited. Some evidence suggests that 9c, 11t-CLA is the active isomer (Ip et al. 1991; Knekt et al. 1996) while several recent reports show that 10t, 12c-CLA is biologically more potent than 9c,11t-CLA (Leung & Liu, 2000; Lin et al. 2001) . It is concluded that all the CLA isomers are equally incorporated into the milk lipids but they are selectively incorporated in the liver lipids. The preferential incorporation of some CLA species in relation to the tissue function in vivo is currently unknown. It is premature to conclude that observed preferential incorporation of CLA isomers in the liver of suckling rats is beneficial or adverse unless the biological activity for each CLA isomer has been carefully evaluated in well-defined biological systems.
